Cultivation on mountain landscapes has been identified as a main factor triggering 12 soil erosion. Patterns of erosion, transport and deposition of soil particles in agricultural 13 landscapes appears to be closely linked to that of soil nutrients. In this work the 14 redistribution of soil organic carbon and nitrogen and of soil particles is analysed in 15 different geomorphic parts of mountain fields. A southern orientated hillslope was 16 selected as representative of main land uses in mountain farmland of the Central 17 Spanish Pyrenees. In the region, as much as 74 % of its surface was abandoned in the 18 last decades and as a result patterns of soil and nutrient losses in the fields were affected 19 by both land abandonment and tillage. A set of cultivated and abandoned fields with 20 different ages of land abandonment, slope gradients and lengths were selected to 21 conduct this study. In each of the fields, total soil depth sampling was done in different 
Introduction 44
In the Mediterranean region there is a concern on the set aside land process, as well 45 as on the management of marginal lands especially in mountain landscapes that have 46 been intensively cultivated for several centuries. The main traditional uses through 47 farming and grazing triggered the clearance of natural forests. The process of 48 transformation from forest to agricultural land caused increasing rates of soil erosion in 49 the last millennium (Morellón et al., 2010) . In addition, it is widely recognized that the 50 loss of soil particles is often accompanied by depletion in soil nutrients with impacts on 51 soil productivity. 52
Since Medieval times intensity of land uses has changed, thus in the Pyrenean 53 mountains a great expansion of cultivated lands occurred at the end of the XIX th century 54 and was followed by a process of land abandonment that started in the middle of the 55 XX th century. The abandonment of marginal and non-productive lands occurred in 56 successive pulses extending from the first part to the end of the XX th century. A main 57 consequence of these rapid land use changes in the region was the increase in eroded 58 surfaces that was paralleled with increases of sediment supplies to rivers and water 59 bodies (Valero-Garcés et al., 1999; Navas et al., 2009) . In mountain landscapes 60 agricultural practices have been identified as main factors of soil loss (Navas et al., 61 2005a) . In addition to erosion induced by tillage, the terrain physiography is another 62 important factor affecting the soil redistribution and that of the nutrients in farmland 63 landscapes (Ritchie and McCarty, 2008) . 64
The reversal of the land abandonment process that starts with the plant colonisation 65 may have some constraints linked to impoverishment in soil nutrients after centuries of 66 intensive land use for the re-establishment of the vegetation (Brown, 1991) . To 67 recuperate abandoned and degraded lands in areas with high rainfall the natural 68 recovery of the vegetation is a main option. However, little is known on the nutrient 69 status of abandoned soils in mountain areas, though, this is a main issue as depletion of 70 nutrient levels after intensive land use will condition the fertility of abandoned soils and 71 the recovery of the natural vegetation (Navas et al., 2008) . 72
Soil erosion involves preferential removal of the fine soil particles and of light 73 fractions like soil organic carbon (Bajracharya et al., 2000) and is one of the major 74 processes affecting the redistribution of soil organic carbon (SOC) and nitrogen (SON) 75 content per surface area expressed as inventories or stocks (kg m -2 ). 176
General soil properties pH, electrical conductivity (EC) and carbonate content were 177 analysed following standard procedures. The pH (1:2.5 soil:water) was measured using 178 a pH-meter. Electrical conductivity (dS m -1 ) (1:5 soil:water) was measured using a 179 conductivity meter. Carbonates were measured using a pressure calcimeter (CSIC, 180 1976) . Analysis of sand, silt and clay were done by using laser equipment (Coulter LS 181 230) . Samples were chemically disaggregated with sodium phosphate and then heated 182 with hydrogen peroxide to guarantee total destruction of organic matter; ultrasounds 183
were also applied to complete particle dispersion. 184
Estimates of the 137 Cs residuals were done from data of 137 Cs inventories in the 185 composite samples from a previous research in the area (Navas et al., 1997) . From the 186 137 Cs residuals (%), the amount of 137 Cs that is gained or lost by comparison with the 187 reference inventory for the area (4500 ± 200 Bq m -2 , established from 9 stable sites) 188 can be estimated. Because of the close association of the radioisotope with the fine 189 fraction of the soil, the gain or loss of soil can be inferred. The methodology for 190
Caesium-137 analyses is well described in the literature (Walling & Quine, 1991 
Results 205
In the studied fields, the results for all samples collected in fields F2 and F3 indicate 206 that soils are alkaline with a mean pH of 8.22 (sd = 0.15) ranging between 7.73 and 8.49 207 (CV = 1.8 %). Salinity is very low, the mean value is 0.16 dSm -1 (sd= 0.08). The 208 electrical conductivity is the soil property with highest variability and ranges between 209 0.1 and 0.74 dSm -1 (CV = 54 %). The carbonate content is relatively high with a mean of 210 36 % (sd = 8.2) and a range between 16 and 54 % (CV= 23 %). 211
The contents of soil organic carbon (SOC) and nitrogen (SON) in the composite 212 samples for each of the studied fields are presented in Tables 2 and 3 In the landscape, geomorphic processes acting on the slopes tend to regularize their 230 profiles. As a result, a succession of geomorphic elements such as the crest at the upper 231 part, the talus at the midslope position and the bottom slope at the lower part can be 232 identified. Although the studied fields are contoured by stone walls a similar slope 233 pattern is observed and for this reason SOC and SON along with the main soil 234
properties are analysed separately for each slope position (Table 4) . 235
Examination of the lateral distribution for all fields shows that contents of SOC and 236 SON were greater at the bottom slope than at the upper slope with percentage increases 237 ranging from 4 to 54 % for SOC and from 1.5 to 77 % for SON. The highest increase of 238 SON was registered in a cultivated field that is regularly fertilized. At the upper slope 239 positions, the mean percentages and inventories of SOC and SON are lower than at the 240 midslope and bottom slope positions (Table 4) . Mean SOC percentages and inventories 241 increase around 7 % and 11 %, respectively, from the upper slope to the midslope and 242
another 5 % and 20 %, respectively, increases at the bottom slope. In total, SOC 243 increases by 40 % at the bottom slope where the highest SOC values are found. 244
Similarly, mean SON percentages and inventories increase around 11% and 13 %, 245 respectively, from the upper slope to the bottom slope. 246
In the fields, soil organic carbon and nitrogen are closely related and their variation 247 follows a similar pattern as indicated by the direct and highly significant correlation 248 between SOC and SON (Pearson r= 0.848, p  0.001).
Concerning the general soil properties ( at the midslope position. However, the salinity as indicated by the values of EC 253 decrease around 11 % from the upper slope to the bottom slope which may be due to 254 leaching promoted by the accumulation of runoff at the lower part of the slope that 255 together with its flatter topography facilitates infiltration and the leaching of the soil. 256
The means of clay contents at the bottom slope (Table 5) In addition to the significant differences (p  0.05) in the means of the length and 292 slope gradient for the F2 and F3 fields, the physiographic differences in the fields 293 mainly the presence of a midslope element in the longer F3 fields agree with higher and 294 significant 137 Cs gain (p  0.05) that suggests a more intense redistribution of soil 295 particles and of the associated nutrients in the F3 fields. 296
The existence of a midslope element that frequently coincides with manmade 297 terraces, many of which have collapsed, also appears to intervene in the soil13 redistribution pattern. Thus, although in some cases field observations identified some 299 deposition patches at the midslope it is also quite common to find bare soil and eroded 300 surfaces. From the values of the 137 Cs residuals a mean 137 Cs loss of -6 % was 301 estimated. Therefore, it appears that in general, the midslope elements function as 302 source areas of sediments and contribute to the supply of soil particles that eventually 303 accumulate at the bottom slope. In agreement with the regularization of slope profiles, 304 fallout 137 Cs provided evidences of accumulation of soil particles at the bottom slope in 305 different environments (e.g. Quine et al., 1994 , Mabit et al., 2008 . The processes 306 operating on the geomorphic elements in the studied fields are sheet and rill erosion. 307
Runoff triggers erosion then the subsequent transport of soil particles and nutrients take 308 place along the slope and finally they accumulate at the lower end of the fields. 309
The effect of topographic factors on the nutrient contents was examined through 310 correlations established between topographic factors and the SOC and SON percentages 311 and inventories (Table 6) In the F3 fields although the relationships between clay percentages and SOC and 343 SON percentages and inventories were not significant they showed the expected direct 344 trend (Table 6 ). This was not the case for the F2 fields and could be also the reason for 345 the lack of significance in the relationships of SOC and SON percentages with the 137 Cs 346 residuals. The lack of significance in the relationships between clay and SOC and SON 347 that show a negative trend could be due to some export of the finest soil fraction with 
